The unclear relationship of obesity to incident melanoma and nonmelanoma skin cancer (NMSC) risks was evaluated in the large, geographically diverse longitudinal, prospective Women's Health Initiative (WHI) observational study. Risks of melanoma and NMSC in normal weight women were compared with risks in overweight [body mass index (BMI) ¼ 25-29.0 kg/m 2 ] and obese (BMI ! 30 kg/m 2 ) women, using Cox proportional hazards models for melanoma and logistic regression for NMSC. Over a mean 9.4 years of followup, there were 386 melanoma and 9,870 NSMC cases. Risk of melanoma did not differ across weight categories (P ¼ 0.86), whereas in fully adjusted models, NMSC risk was lower in overweight [OR, 0.93; 95% confidence interval (CI), 0.89-0.99] and obese (OR, 0.85; 95% CI, 0.80-0.91) women (P < 0.001). Excess body weight was not associated with melanoma risk in postmenopausal women but was inversely associated with NMSC risk, possibly due to lower sun exposure in overweight and obese women. This supports previous work demonstrating the relationship between excess body weight and skin cancer risk. Cancer Epidemiol Biomarkers Prev; 22(12); 2412-5. Ó2013 AACR.
Introduction
Rates of skin cancer, the most common malignancy in the United States, affecting more than 3.5 million Americans each year, are increasing for both melanoma and nonmelanoma skin cancer (NMSC; ref. 1). Although obesity is linked to increased risks of colon, breast, endometrial, and ovarian cancers (2) , its relationship to skin cancer is unclear. The Nurses' Health Study and Health Professionals Follow-up Study reported a lower NMSC risk in obese patients, but no association between body mass index (BMI) and melanoma (3) . In a 2-year randomized low-fat diet trial, subjects who reduced their BMI also reduced their risk of NMSC (4) . The longitudinal, prospective Women's Health Initiative (WHI) observational study provided an opportunity to investigate relationships of body weight status to melanoma and NMSC risks, taking into account key sunlight exposure variables, the major etiologic factors in skin cancer development (1).
Materials and Methods
Postmenopausal women, ages 50 to 79 years, enrolled in the WHI observational study at 40 U.S. clinical centers from 1994 to 1998 (N ¼ 93,676), completed baseline questionnaires on key demographic and lifestyle variables (5) . Because the majority of skin cancers occur in Caucasians and other ethnic groups did not demonstrate significant numbers of cases (1), analyses were restricted to White women (N ¼ 78,016) who were not underweight (BMI not less than 18.5; N ¼ 76,208) and had completed a sun exposure questionnaire at year 4 (N ¼ 75,842). Our final model used data from 61,657 subjects who had complete information on all variables included in the scientific model. Self-reported cases of melanoma and NMSC (representing both basal and squamous cell variants) were ascertained annually by questionnaire and melanoma cases were physician adjudicated, using medical records. Risks of melanoma and NMSC in normal weight women (BMI ¼ 18.5-24.9 kg/m 2 ) were compared with risks in overweight (BMI ¼ 25-29.0 kg/m 2 ) and obese (BMI ! 30 kg/m 2 ) women, using Cox proportional hazards models for melanoma and logistic regression for NMSC (ODs with 95% confidence interval, CI), with subsequent adjustments for known baseline risk factors, for example, age, skin type (burn or tan), childhood summer sun exposure, baseline summer and ambient sun exposure (as Langleys at each clinical center across varying residential latitudes), smoking status, education, time walking outdoors per week, and self-reported history of skin or other cancer (see Table 1 ). Date of melanoma diagnosis was available from medical records, thus allowing for time to event methods (Cox) for melanoma analysis. For NMSC, NOTE: Only those participants who were in the observational study of the WHI, reported their ethnicity as White, and were not missing any variables in the scientific model were included (there were 78,016 White women who were eligible). Outcomes are recorded from the start of the study period and participants are censored at death, last study visit, or 10 years from the start of the study period, whichever came first. Outcome events are recorded through August 2006.
participants reported this outcome yearly and this was not medical record adjudicated, thus only logistic regression could be performed.
Results
Small, but statistically significant, differences in baseline characteristics were found among the 3 BMI groups (Table 1) , including prior skin cancer and sun exposure, the most important predictors of skin cancer risk (1) . Compared with the normal weight group, overweight and obese women reported less sun exposure (Table 1) , based on average time walking outside (P < 0.001), current sun exposure (P < 0.001), and likelihood of living in areas of high geographic UV exposure (P < 0.0001).
Melanoma
Of note, 386 incident melanoma cases were reported (Table 2) : 175 cases (0.66%) occurring in the normal weight group, 137 (0.65%) in the overweight group, and 74 (0.53%) in the obese group. Melanoma risk did not vary by weight category in either unadjusted or fully adjusted models (P ¼ 0.86). Relative to normal weight, HRs for overweight and obese women were 0.98 (95% CI, 0.74-1.29) and 1.10 (95% CI, 0.95-1.28), respectively ( Table 2) . Excluding women with prior history of skin cancer (N ¼ 7,000) did not change the result (P ¼ 0.8).
Nonmelanoma skin cancer
A total of 9,870 NMSC cases were reported (Table 2) as follows: normal weight, 1,874 cases (17.6%); overweight, 3,358 (15.8%); and obese, 4,638 (13.3%), with a significant difference in risk among weight groups in both unadjusted and fully adjusted models (P < 0.0001). Relative to normal weight, ORs for overweight and obese women were 0.93 (95% CI, 0.86-0.99) and 0.86 (95% CI, 0.80-0.91), respectively ( Table 2) . This relationship persisted even when participants with a history of skin cancer were excluded.
Discussion
Excess body weight was not associated with melanoma risk in White postmenopausal women in the WHI cohort over 9 years of follow-up, whereas it was significantly associated with NMSC risk. Specifically, overweight and obese women had a lower risk of NMSC than normal weight women. Overweight and obese women also reported less baseline sun exposure and it is conceivable that the lower NMSC risk was due to less sun exposure. Obese individuals have been shown to be less physically active and have less sun exposure at least in part because of being outdoors less frequently (3, 6) . Pothiawala and colleagues demonstrated risk of NMSC, for which UV radiation has been shown to be most important, to be reduced to a greater extent in obese individuals (3) . This supports the notion of diminished sun exposure for obese individuals, and could explain the decreased risk of NMSC seen in the WHI cohort. In contrast, melanoma risk is less well correlated with sun exposure (1) . Of interest, this is in contrast with work demonstrating obese mice to have an increased (not decreased) susceptibility to skin cancer (7) .
One of the strengths of the current analysis is the ability to adjust for sun exposure across a large, geographically diverse cohort over 9.4 years of follow-up. Despite adjustment for the major risk factor for skin cancer, i.e., sun exposure, it is possible that residual confounding arising from error in the self-reporting of this measure (8) may underlie the difference in NMSC risk by weight status.
Although there is a biologic mechanism between excess fat and skin cancer via oxidative DNA damage and intake of fatty foods (2), we did not observe a relationship between obesity and skin cancer risk in postmenopausal women. This confirms the prior work of Pothiawala and colleagues (3) and supports their finding that obesity may be a surrogate for lifetime sun exposure, resulting in lower rates of NMSC in overweight and obese women who receive less sun exposure. 
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